There is no generally accepted definition for a "prolonged surgical intensive care unit (SICU) 
When we compared surgical intensive care unit (SICU) patients with medical intensive care unit patients, SICU patients had more therapeutic interventions 1 . Moreover, prolonged treatment in SICU subjects the patients to a high degree of somatic, psychological and social stress 2 . However, there were only few studies about prolonged SICU stay and the majority of these studies [3] [4] [5] [6] [7] [8] [9] had included a relatively small number of patients, and therefore were limited in statistical power. Furthermore, the definitions of prolonged SICU stay were different, ranging between seven and 21 days in different studies [3] [4] [5] [6] [7] [8] [9] . Many studies [4] [5] [6] [10] [11] [12] showed that patients with prolonged ICU stay would have high mortality rates and high costs. The purpose of the current study was to: 1) define prolonged SICU stay from the point of view of different mortality rates; 2) identify the factors that predict a prolonged SICU stay; and 3) identify the factors that predict hospital mortality in patients with a prolonged SICU stay. With these results, we should be able to predict who will have a prolonged SICU stay and their likely prognosis. Moreover, analysis of such data may lead to strategies to prevent prolonged SICU stays, reduce mortality rates and make better use of expensive and limited SICU resources.
METHOD

Data collection
This retrospective observational study was performed at a tertiary medical centre, the National Taiwan University Hospital. This is a 2000-bed general medical centre located in northern Taiwan at the centre of Taipei, a large city with a dense population of four million residents, and receives critically ill patients referred from the whole Taipei metropolis. Data were obtained from the admission registry database of SICUs, which included four units: cardiovascular surgery (20 beds), chest surgery (8 beds), neurosurgery (11 beds) and general surgery (16 beds). The SICUs were semi-closed. Full-time intensivists were available during office hours to treat the patients. They worked with the surgeons, who mainly focused on the surgical problems and delegated most critical care to the intensivists. During out-ofoffice hours, the on-duty surgical residents would treat any emergency and intensivists were oncall for consultation and to attend the hospital if necessary. The hospital had no intermediate or step-down units and patients would stay in SICU until they could be weaned from ventilator or transferred to the respiratory care ward in a stable condition. All patients aged >16 years and with an ICU stay longer than three days between 1 January 2004 and 30 November 2006 were recruited for the study. We recruited patients with at least three days of ICU stay to exclude patients admitted for routine postoperative monitoring and patients with rapidly fatal diseases. The patients admitted to SICU for routine postoperative monitoring usually had a very low mortality rate and short ICU stay (<3 days). We also excluded patients with ICU readmission in the same hospitalisation. The following data were collected at the time of the ICU admission for each patient: age, gender, whether the patient was admitted from emergency, severity of illness upon ICU admission (according to therapeutic intervention scoring system [cardiovascular surgery], Acute Physiology and Chronic Health Evaluation II score [chest and general surgery] and glasgow coma scale [neurosurgery]), reasons for the ICU admission and the number of pre-ICU hospital days. Other data recorded during the ICU stay or after discharge included: number of ICU days, number of hospital days, use of mechanical circulation support (MCS) and renal replacement therapy (RRT), do not resuscitate (DNR) consent and mortality. We followed all study patients for up to 12 months after ICU discharge. Forty-one patients were lost to follow-up during the study period. MCS included extra-corporeal membrane oxygenation or intraaortic balloon pump and RRT included continuous veno-venous haemofiltration or haemodialysis. Mechanical ventilation was not included in our study because 95% of our ICU patients used mechanical ventilation. Usually, if they did not need mechanical ventilation, they would be transferred to the ward. Outcomes recorded in this study included ICU mortality, hospital mortality and one-year mortality after discharge from the ICU.
Statistical analysis
Analysis was performed using statistical software SPSS version 11.5. Normally or near-normally distributed variables are reported as the mean ± standard deviation (25, 50, 75 percentile, if the standard deviation is large). Means were compared using one-way analysis of variance (Mann-Whitney U test, if the standard deviation is large). Categorical data were assessed using chi-square or Fisher's exact test.
Change point analysis was conducted to find the change points in time on mortality rates using Muggeo's method 13 of estimating regression models with unknown break-points. We used the segmented package of R. A linear model was updated by adding one or more segmented relationships as a segmented linear model. Several variables with multiple breakpoints were allowed.
Multivariate logistic regression analyses were conducted using the SAS/STAT ® software, Version 9.1.3 (SAS Institute Inc., Cary, NC, USA) to assess the effects of independent risk factors at the time of ICU admission and during the ICU stay associated with a prolonged ICU stay and hospital mortality in patients with prolonged ICU stay. The variance inflation factor was used to detect the potential multi-collinearity problem (variance inflation factor ≥10).
RESULTS
Over the three-year study period, a total of 6939 patients were admitted to the surgical ICU at the National Taiwan University Hospital, 6206 of them >16 years. A total of 3258 patients had an ICU stay of less than three days, 2307 had an ICU stay longer than three days and 350 had ICU readmission. Therefore, 2598 patients were recruited into this study. Among the eligible patients, 2221 patients had an ICU stay of three to 16 days and 377 an ICU stay of >16 days: 1638 (63.0%) were males. The average age of the study patients was 61.0±17.1 years, the mean ICU stay was 9.1±10.7 (3, 5, 10) days and the mean hospital stay was 34.5±44.0 (15, 24, 42) days. Their ICU, hospital and oneyear mortality rate were 12.2%, 16.6% and 23.0% respectively.
The estimated change points and the fitted regression lines for hospital and one-year mortality rates after ICU discharge were plotted in Figure 1 . The estimated two change points for ICU mortality Comparisons of patients with an ICU stay of three to 16 days and >16 days are shown in Table 1 . All variables except DNR and severity of illness were put into the multivariate logistic regression model ( Table 2) . We did not include severity of illness in the regression model because different scoring systems were utilised in the different ICUs. The factors, found by the multivariate logistic regression model to be predictors of prolonged ICU stay, were age more than 70 years old, increasing number of pre-ICU hospital days, admission from the emergency room, use of MCS and use of RRT.
Comparisons of hospital survivors and nonsurvivors in patients with prolonged ICU stays are shown in Table 3 . All variables except DNR and severity of illness were put into the multivariate logistic regression model. The factors, found by the multivariate logistic regression model to be predictors of hospital mortality in patients with prolonged ICU stay were use of RRT (odds ratio 4.780, 95% CI 2.687 to 8.504; P <0.001; variance inflation factor=1.055), adjusted generalised R 2 =0.244 and Hosmer and Lemeshow goodness-of-fit test P=0.287 (df=8).
DISCUSSION
Up to now, prolonged ICU stay was defined according to different criteria, and there has been no consensus definition. Time periods ranging between seven and 21 days have been used to define prolonged SICU stay [3] [4] [5] [6] [7] [8] [9] . According to the study by Stricker et al 14 , the use of medical resources markedly increases if the ICU stay is longer than five to 10 days. Seven days was chosen as a prolonged ICU stay in their subsequent study 9 . Lipsett et al 6 selected a period of more than six days of continuous SICU stay because it represented the top 5% length of SICU stay and 90% variance in costs in their study patients. Barie et al 3 suggested 21 days because severity indices appeared to plateau in magnitude in patients whose SICU stay ultimately exceeded 21 days. From our results, the change points of ICU, hospital and one-year mortality rates were all around the sixth and the 16th days after SICU admission. Clearly, the first six days in ICU had the biggest influence on the mortality rates, but after the 16th day, risks of mortality measured at ICU discharge, hospital discharge or one year after ICU discharge remained stationary and did not change much as the duration of ICU stay increased. This means the major prognosis factors for survival of surgical critically ill patients worked in the first six days after SICU admission. On the contrary, what happened after 16 days of SICU stay did not influence risk of mortality.
In our study, 3258 patients (55.6%) with ICU stay less than three days had a total of 5418 person-days (18.6%), 2221 patients (37.9%) with ICU stay three to 16 days had a total of 12486 person-days (42.8%) and 377 patients (6.5 %) with ICU stay >16 days had 11245 person-days (38.6%). Patients with ICU stay >16 days were less than 7% of all SICU admitted patients but occupied about 40% of the limited bed availability and these patients had the same risk of mortality regardless of further duration of prolonged ICU stay. Hence, based on these results, we defined ICU stays >16 days as a prolonged ICU stay and strongly suggested step-down units for these patients to make a more cost-effective ICU bed usage.
The ICU, hospital and one-year mortality rates in our study were comparable to previous studies which also defined ICU stay >14 days as prolonged ICU stay. In study of Laupland et al, the ICU, hospital and one-year mortality rates were 24.5, 39.8 and 44%
11
. In the study of Heyland et al 15 , the rates were 31.1, 44.3 and 56% respectively. Our mortality rates were all superior to those of Becker et al. Their ICU and one-year mortality rates were 46 and 74.5% respectively 4 . This might be due to the improvement of intensive care over time.
Increasing age 12 , increasing number of pre-ICU days 16 , higher severity at ICU admission 3, 10, 11, 16 and admission directly from emergency 5, 10 were predictors of prolonged ICU stay as noted in previous studies. Increasing severity of illness at the time of ICU admission was also a predictor of prolonged SICU stay in the cardiovascular, chest and general surgery ICUs according to univariate analysis. In our study, a greater number of patients with a prolonged ICU stay needed MCS and RRT. Except for 19 endstage renal disease patients who had received RRT before ICU admission, acute dialysis was initiated 4±7 days (median one day) after ICU admission. MCS was initiated 2±6 days (median 0 day) after ICU admission. Mechanical ventilation is not included in our study because more than 95% of our SICU patients were on mechanical ventilation on admission to ICU. Artificial organ support for acute heart and/or kidney failure needed early in the ICU course predicted a prolonged ICU stay. This result was also reported in the studies of Barie et al 3 and Arabi et al 10 . Surprisingly, increasing age was not a predictor of hospital mortality in our patients with a prolonged ICU stay. This might be due to the fact that patients were fairly old in this group. Madoff et al also found the need for dialysis was associated with bad outcomes and that age did not affect ICU survival 7 . In contrast to the study of Barie et al, in our study the higher severity at ICU admission was not associated with hospital mortality in patients with prolonged ICU stay 3 . This means that events such as organ failure occurring during ICU admission had more of an effect on hospital mortality compared with that of the admission condition. We could not change the severity at ICU admission but aggressively preventing subsequent organ failure might be the first step in avoiding prolonged ICU stays and even hospital mortality.
In the study by Higgins et al 16 , signing a DNR order was more common in patients with a short-term ICU stay, which was opposite to our result. In our study, only five patients signed a DNR order before ICU admission. The time that a DNR order was signed by the family was 13±18 days (median 7 day) after ICU admission. A reasonable explanation for these discordant findings was that the attending Chinese family had difficulty accepting the DNR order, so there was a consistent delay in signing the DNR order until the treatment had been exhausted. Signing a DNR order was a result of prolonged ICU stay rather than a predictor of ICU stay so we did not put it into the logistic regression model. Therefore, early initiation of DNR discussion by physicians might be a way to reduce the length of ICU stay.
There were some limitations in our study. First, the generalisation was limited because our results were derived from the experience of a SICU in a single centre and reflected a unique organisation and method of care. Second, our data were not sufficiently complete to examine all parameters including co-morbidities. Third, our study focused on mortality as the primary outcome, but it must be recognised that this is only one of several potential outcomes of interest for ICU patients. For example, quality of life is an important outcome and should be addressed in a future study.
CONCLUSION
In conclusion, we defined prolonged SICU stay as >6 days, based on analysis of hospital and one year after ICU discharge mortality rates. Prevention of organ failure, especially renal failure requiring RRT, should be a major aim in averting prolonged SICU stays and even hospital mortality.
